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1. Introduction 


Traditionally, ecologists have viewed ecosystem properties in the contexts of energy flow 
and nutrient cycles. Relatively recent scientific attention has focused on the role of consu- 
mers as regulators of ecosystem processes (CHEW 1974; Kircnett et al. 1979), For example, 
detritivorous invertebrates participate in the decay of organic matter which releases nut- 
rients for plant growth (ANDERSON et al. 1983). These organisms utilize relatively little of 
the energy they consume. A primary role of detritivores is the stimulation of the metabolism 
of microbes, which are responsible for most organic matter decomposition. PETERSEN & 
Luxton (1982) and Parxrson (1983) have extensively reviewed the functional ecology of 
soil invertebrates. 

Coprophagous arthropods actively contribute to the degradation of fecal material, par- 
ticularly ruminant dung. Most research on coprophagous arthropods has dealt with their 
beneficial activity in the maintenance and utilization of agricultural ecosystems (BorNE- 
misszA 1960; Fincurr 1981). The purpose of this paper is to examine and review the roles 
of these organisms in the context of consumer regulation of organic matter decomposition. 
Since the majority of related research has focused on ruminant dung, this review will em- 
phasize the role of invertebrates inhabiting it. 


2. Properties of heterotrophic microcommunities 


Heterotrophic microcommunities, such as dung, are characterized by negligible or non- 
existent primary production (Divpaz 1973). Initial, maximal energy declines through de- 
composition. This decay usually is exponential since labile organic matter is utilized rapidly 
and recalcitrant fractions decompose more slowly (Otson 1963; MinpreRMAN 1968), although 
substrate complexity may modify these rates (BUNNELL et al. 1977; Hunt 1977). This de- 
composition produces unstable and ephemeral habitats for the large number of invertebrate 
and microbe species that inhabit them (Dinpat 1973; Beaver 1977). Decomposition of 
ruminant dung usually is slow, due to the initial conditions of anaerobiosis and subsequent 
drying (Stevenson & Diypat 1987). 


3. Coprophagous arthropods 
Coprophagous athropods can be classified according to their behaviour within dung pats 
(Bornemissza 1960; Table 1). Endocoprophages include those insects in which larval 


development takes place within the dung pat. This group involves all flies which breed in 
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Table 1. Classification of coprophagous arthropods based upon Bornemissza (1969) 
Classification Development of larvae Representative taxa 


Endocoprophagous Within dung pat Diptera 
2 Muscidae 


Anthomyidae 
Coleoptera 
Scarabaeidae 
Aphodinae 
Hydrophilidae 
Paracoprophagous Within dung ball buried Coleoptera 
Beneath dung pat Scarabaeidae 
Scarabaeinae 
Geotrupinae 


Telecoprophagous Within dung ball buried Coleoptera 
Away from dung pat Scarabaeidae 
Scarabaeinae 
Geotrupinae 


dung and beetles in the Hydrophilidae (larvae are predatory) and the Aphodinae of the Sca- 
rabaeidae. BornEemisszA (1969) reported that some scarabaeid species also breed in the dung 
pat. Para- and telecoprophages include beetles in which dung balls are constructed by 
the adults. Paracoprophages bury dung balls (each with one egg) directly beneath the dung 
pat and telecoprophages remove dung balls a distance away from the dung and then bury 
them. These groups involve species in the Geotrupinae and Scarabaeinae of the Scarabaeidae. 

Although all coprophagous arthropods utilize dung as food, the ways in which they con- 
sume it differ. Adult scarabaeid beetles concentrate dung particles by pressing dung between 
labral and labial pads of setae (Mapte 1934; Lanpin 1961; Hara & Epmonps 1983); these 
organisms digest microbiota and soluble organic matter. Larval beetles possess chewing 
mouthparts with which they consume dry dung. Cyclorraphous fly larvae sieve particles 
of dung between pharyngeal ridges (Downe 1967) and they probably depend upon micro- 
flora as a main food source (D’Amato et al. 1980). MATTHIESEN et al. (1984) demonstrated 
that the size of emerging Musca vetustissima WALKER adults was reduced when dung was 
coarse and dry. This substrate was less nutritious than moist dung in which the microbial 
populations were available in the liquid portions of dung. 


4. Role of invertebrates in organic matter decomposition 


4.0. Prefatory note 


The roles of invertebrates in heterotrophic microcommunities have been viewed in several 
ways. Generally, they are seen as regulators of the decomposition process (CRosstEy 1977). 
Invertebrates may accelerate or delay nutrient release from organic matter in both direct 
and indirect ways (Table 2). The effects of coprophagous arthropods on the physical and 
biological properties of the dung habitat are shown in Fig. 1. 


4.1. Direct effects of invertebrates 
4.1.0. General remarks 


The direct effects of detritivorous invertebrates in decomposition, which include con- 
sumption and burial of organic matter, have received considerable scientific attention ( Ko- 
WAL & Crosstry 1971; McBraver & Reicuie 1971; MacLean 1974; Cornasy et al. 1975). 
Newly dead organic matter usually is not available to detritivorous arthropods since they 
lack the ability to digest cellulose and other structural polysaccharides, although some detri- 
tivores possess endogeneous carbohydrases (¢.g., OVERGAARD-NIELSEN 1962; HaRTENSTEIN 
1982). Instead most decomposition occurs through microbial metabolism. 
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Table 2. Summary of effects of detritivorous invertebrates on organic matter decomposition’) 


Interaction Effect on decomposition Representative References 


Consumption of detritus Metabolism of organic McBrayer & REICHLE 1971; 
matter by invertebrates with Cornasy et al. 1975 
carbohydrase enzymes 


Burial of detritus Mixture of detritus with Drypat et al. 1979; 
underlying substrate MacQueen & Berrne 1975a 

Fragmentation of detritus Exposure of increased surface § Epwarps et al. 1970; PETER- 
area of detritus to microbial sen & Luxton 1982 
metabolism 

Aeration of detritus Exposure of substrate to oxygen; Epwarps 1958; Epwarps & 
promotion of aerobic decomposi- Rotter 1965 
tion 

Conversion of detritus to feces Exposure of substrate to inte- CrossLey 1977; Wess 1977; 
stinal microflora ANDERSON & InESON 1982 
Increased microbial metabolism 

Grazing on microbes Within certain densities, stimu- HANLON & ANDERSON 1980; 


lation of microbial metabolism Lyxson et al. 1982 
Prevention of mycostasis and 

bacteriostasis 

Increases in bacterial popula- 

tions and reduction in fungal 


populations 
Stimulation of bacteriophagous Growth in bacterial populations Apsrams & Mrronett 1980a, b; 
nematode populations Increased bacterial metabolism ANDERSON et al. 1983 
Distribution of microbes to Increased microbial populations PARKINSON ef al. 1979; 
fresh detritus and respiration Hassat ei al. 1983 


1) See text for further explanation. 


4.1.1. Consumption of Dung 


In general, dung beetle larvae have high consumption rates (MyrcHa 1973; HOLTER 
1974, 1975; see Fig. 1). HoLTER (1974) suggested that rapid decomposition of dung, coupled 
with a low assimilation efficiency, accounted for the high ingestion rate of Aphodius larvae 
(endocoprophages). Aphodius larvae do not possess carbohydrase enzymes and thus cannot 
decompose structural polysaccharides (Hotter 1974). Larvae of para- and telecoprophages, 
some of which possess intestinal flagellates capable of digesting cellulose, egest their feces 
along the inside walls of their brood balls. They consume their excreta several times du- 
ring their development. Thus, the calorific value of dung in brood balls decreases with age 
(Myrcua 1973). These phenomena provide support for the “external rumen” concept (Mason 
& Opum 1969). 

Since coprophagous fly larvae sieve particles in their feeding activity (including liquid 
portions of dung), estimation of consumption rates is difficult. An estimate of the feeding 
rate of Paregle sp. larvae (Anthomyiidae) was derived from OLecnowrcz (1976): 1.242 mg 
dung consumed/mg dry body mu/day. Coprophagous fly larvae probably consume too little 
organic matter to exert significant direct effects on dung degradation (see below). 

In some desert and tropical grassland ecosystems, termites consume significant portions 
of ruminant dung and can account for 19.5 to 100% of mass loss (Omatrxo 1981; WHITFORD 
et al. 1982, 1983). 

4.1.2. Burial of dung 


Forest soil macroinvertebrates bury organic matter and mix it with underlying soil. 
Earthworms are particularly important in this process, since they constitute up to 75% 
of the invertebrate biomass in some forest soils (Kiunett 1976). They are also important 
in incorporation of municipal sewage sludge, slurries or sewage effluents into soil (CURRY 
1976; DINDAL et al. 1979). 
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Fig. 1. Schematic representation of the effects of coprophagous arthropods on physical and biologi- 
cal properties of cow dung. Arthropods can promote decomposition directly through their consump- 
tion of dung and indirectly through their effects on moisture content, redox potential, microbial 
density and nematode population density. Arrows indicate direction of effect. 
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Fig. 2. Simulation of the effect of burial activity by Onthophagus nuchicornis (L.) (Scarabaeidae) 
adults on burial of cow dung. Regression equation taken from MacQueen & Berrne (1975a) (Y= 
1.08 X + 4.14;n = 10;r = 0.96; p < 0.001). 


Burial of dung is an important process conducted by scarabaeid beetles. A number of 
researchers have indicated that the amount of dung buried by para- and telecoprophages 
in laboratory studies is a function of the population density of adult beetles (Fig. 2; BREY- 
MEYER 1974; MACQUEEN & BERNE 1975a; RIDSDILL Sars et al. 1982; Krrx 1983), How- 
ever, Hugues (1975) concluded that the amount of dung buried in the field is not directly 
related to beetle population density. 

Adult Aphodius spp. mix large amounts of dung with underlying soil, even though they 
do not form and bury dung balls (BREYMEYER 1974). Aphodine larvae also bury dung prior 
to pupation. 

Rapid burial of dung can have several beneficial consequences from an agricultural point 
of view: (1) reduction in nitrogen loss as ammonia (GILLARD 1967); (2) increased growth of 
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pasture plants (Bornemissza & Witi1ams 1970; Fincuer et al. 1981; Wicktow et al. 1984); 
(3) destruction of helminth parasites of livestock (Bryan 1973, 1976; Fincupr 1973, 1975; 
Brresrrom et al. 1976; Encrisn 1979); and (4) suppression of pestiferous fly populations 
(Bornemissza 1970; BLUME et al. 1973; HuGues et al. 1978; Smiru 1981; BLANK et al. 1983; 
Fay & Dovse 1983; WALLACE & TyNDALEBISCOE 1983). The effects of these coprophages 
will, however, depend upon the distribution of dung within an agricultural system and the 
stocking density of domestic animals. 

Burial of dung also can have other influences that are not related to agricultural produc- 
tion. For example, BERTRAND & Lumarer (1984) demonstrated that burial of sheep feces 
by scarabaeid beetles had a deleterious impact on microarthropod populations. The decline 
of microarthropods may indirectly cause decomposition to slow (see below). 


4.2. Indirect effects of invertebrates 
4.2.0. General 


Detritivorous invertebrates which cannot assimilate fresh organic matter can contribute 
to the decomposition process in several indirect ways. These indirect effects may exceed 
their direct effects in some habitats (CRosstey 1977; PARKINSON 1983). 


4.2.1. Fragmentation of dung 


Invertebrates disintegrate plant and animal tissues and make them more easily leached 
and invaded by microorganisms. By fragmenting detritus, invertebrates increase the surface 
area available for microbial metabolism, which increases decomposition rates (McBRaYER 
1973; PETERSEN & Luxron 1982). Moreover, microbes cannot attack some leaf species without 
preliminary fragmentation. If this physical destruction is experimentally retarded, litter 
decomposition is slowed (Kurcurva 1960; VAN per Drirr & Wirxamp 1960; WirKamp 
& Crosstry 1966; Epwarps et al. 1970). Fragmentation of leaf litter in freshwater streams 
also is an important function of macroinvertebrates (“shredders”) (Cummins et al. 1973; 
BENFIELD etal. 1977; SHORT & Mastin 1977; ANDERSON et al. 1978; ANDERSON & SEDELL 1979; 
MULHOLLAND et al. 1985). 

Coprophagous arthropods exert differential effects on dung fragmentation. Adult beetles 
and fly larvae, which have sucking mouthparts, lack the morphological adaptations to frag- 
ment dung. Larval dung beetles, which have chewing mouthparts, can crumble and disrupt 
a dung pat. Lussenuopr et al. (1980) found that dung without insects or with only fly larvae 
was essentially intact over one month. Dung containing Aphodius larvae was crumbly in 
comparison. Stevenson & Drnpax (1987) also found that aphodine larvae caused con- 
siderable fragmentation of dung. 


4.2.2. Aeration of dung 


In very moist heterotrophic substrates, burrowing macroinvertebrates can aerate the 
substrate and thus accelerate aerobic decomposition. Mixing of municipal sewage sludge 
with drier soil by earthworms increased the redox potential and oxygen availability in sludge 
(Stevenson et al. 1984). Aeration stimulates the growth of aerobic microflora and enhances 
sludge decomposition. It also causes decreased density of pathogenic microorganisms (BRowN 
& Mircuett 1981). 

Similarly, turnover of sediment and detritus by aquatic macroinvertebrates increases 
the depth of oxygen penetration (and thereby, the depth of aerobic metabolism) (EDWARDS 
1958; Epwarps & RottEy 1965) and provides space for further microbial activity (Har- 
GRAVE 1970, 1976). Feeding activity of large shredders loosens leaf packs in woodland streams 
(ANDERSON & SEDELL 1979) and thereby increases the availability of oxygen to the centers 
of the packs. 

Little research has been reported to this point on the effects of coprophagous arthropods 
on oxygen availability and redox potential in dung. However, scarabaeids and fly larvae 
accelerate the rate of drying in dung (Bryan 1973; ANDERSON & Cor 1974; FERRAR 1975; 


Pedobiologia 30 (1987) 4 289 


100 


80 


60 


40 


FRASS PER DROPPING (%) 


20 


i] 50 100 150 200 250 300 350 
DENSITY OF Aphodius fimetarius LARVAE 


Fig. 3. Simulation of the density effect of Aphodius fimetarius (L.) (Scarabaeidae) larvae on con- 
version of cow dung to insect frass. Regression equation derived from Merrirr (1974) (Y = 0.121 x 
+ 46.227; n = 16;r = 0.825; p< 0.01). 


MacQuren & BErrnE 1975b; Stevenson & Drvypat in press) and therefore, increase the 
aeration (Lussennop etal. 1980; Fig. 1). Stevenson & Dinpat (in press) reported significant 
increases in Eh with insect activity in cow dung. 


4.2.3. Conversion of dung to invertebrate feces 


Another important indirect role of detritivorous macroinvertebrates is the conversion 
of organic matter to invertebrate feces (PETERSEN & Luxron 1982), which is a form of sub- 
strate modification (CRossLey 1977; Wess 1977). Since most detritivorous invertebrates 
have low assimilation efficiencies, they egest much of the organic matter they consume and 
thus have been called “feces factories”. Feces of litter-feeding invertebrates differ from the 
original substrate in several ways: feces are higher in pH, have greater moisture holding 
capacity and increased surface-to-volume ratios, and are more amenable to colonization by 
bacteria than fungi (McBrayer 1973; WEBB 1977). SATCHELL & Martın (1984) report ele- 
vated phosphatase activity in earthworm feces as compared to activity in soil. 

Feces production by coprophagous invertebrates has been investigated in only a few 
studies. Aphodius fimetarius L. larvae convert a large portion of a dung pat to insect frass, 
depending upon their population density (Fig. 3; Merrirr 1974). Sreyenson (unpubl.) 
simulated energy flow in an A. rufipes (L.) larva and found that the larva consistently egested 
over 90% of the energy it consumed, although this value declined slightly with temperature. 
Thus, the dung beetle is a “feces factory”. The pattern of decomposition of these feces is 
unknown. 

4.2.4. Effects on coprophagous microflora 


Interactions of invertebrates with microflora are probably the most important indirect 
roles of macroinvertebrates in organic matter decomposition (CRossLey 1977; PARKINSON 
1983; WALLWORK 1983; Seastepr 1984), Arthropods consume large numbers of bacteria 
and fungi. Within certain arthropod densities, this predation stimulates microbial growth 
and metabolism and it prevents bacteriostasis and mycostasis (MacFapyren 1961; HARG- 
RAVE 1970, 1976; Ausmus & WirKamp 1973; Srour 1973; McBrayer et al. 1974; Van DER 
Drirr & Hansen 1977; Brown et al. 1978; ANDERSON et al. 1978; ANDERSON & SEDELL 
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1979; Parkinson ef al. 1979; HANLON & ANDERSON 1980; IvEson ef al. 1982; ANDERSON & 
Ineson 1983). NEwELL (1984) reports differential effects of grazing by a collembolan on 
the growth and metabolic activity of two decomposer basidiomycetes. Decomposition of 
litter also showed differential effects as a result. 


Hotter (1977, 1979b) found that feeding on dung by Aphodius rufipes larvae stimulated 
microbial respiration, since weight loss was nearly seven time greater than the amount which 
the larvae assimilated. Nakamura (1975) also reported accelerated mass loss of dung in the 
presence of scarab beetles. 


Passage of organic matter through the guts of many detritivorous macroinvertebrates 
increases the populations of bacteria and actinomycetes and their metabolic activity since 
the guts of soil animals are more favorable environments for microbial growth than the 
external environment (Parti 1963; Went 1963; Szazé et al. 1969; Harcrave 1970, 1976; 
Reyes & Tense 1975; BAKER & BRADMAN 1976; STEFANIAK & SENICZAK 1976; Brown 
et al. 1978; ANDERSON & BiGNELL 1979; Hornor & MITCHELL 1981; ANDERSON & INESON 
1983; CRawrorp & Taytor 1984). Thus, feces have an elevated rate of microbial metabo- 
lism and lose mass more rapidly than uneaten detritus, although these phenomena are not 
universal (NicHoson et al. 1966). 

Dung in the gut of Scarabaeus spp. larvae has bacterial populations which are two to 
three times more dense than those in uneaten dung (HaLrrrer & Marruews 1971). In Chi- 
ronitis spp. the difference is 17 times. Thus, as in other detritivores, the gut of the scarab 
larva is a more favorable environment for bacterial growth. 

Invertebrate grazing on microbial populations usually exerts differential effects on bac- 
teria and fungi. HANLON & ANDERSON (1979) found that grazing by a collembolan, Folsomia 
candida WILLEM, increased bacterial and reduced fungal standing crops in proportion to 
grazing intensity. Feeding by Glomeris marginata (VittERS) (Diplopoda) and Oniscus asellus 
(L.) (Isopoda) also suppressed fungal populations and enhanced bacterial activity (HANLON 
& ANDERSON 1980). With increasing litter fragmentation, bacterial populations increase 
(Parkinson 1983). 

ANDERSON & Ineson (1983) demonstrated that feeding on litter by arthropods, such as 
millipedes and isopods, can stimulate microbial respiration. Beyond an optimal level, how- 
ever, this feeding activity can inhibit microbial activity and is associated with decreased 
fungal and increased bacterial populations. Two factors appear to be responsible for these 
shifts: (1) disruption of hyphae which prevents or retards fungal growth (bacterial are not 
so affected) and (2) rapid growth of bacterial populations in the guts of macroinvertebrates. 
Microarthropods (e.g., Collembola), which feed selectively on fungi, also may have pronoun- 
ced inhibitory effects when their populations densities are high. 

Coprophagous arthropods exert similar effects. Dipteran and scarabaeid larvae decreased 
fungal biomass and increased bacterial populations in sheep and cattle dung (BREYMEYER 
et al. 1975; Lussenuor et al. 1980). Mixing of dung by these insects constantly exposes new 
substrate to bacteria while fungal hyphae are disrupted. Since fungal growth rates are gen- 
erally less than those of bacteria, their populations are reduced (DICKINSON & UNDERHAY 
1977; Lussennop et al. 1980). Wicktow & Yocum (1982) reported that grazing by larval 
Lycoriella mali Frreu (Diptera: Sciaridae) caused a reduction of species richness of copro- 
philous fungi in rabbit dung. 

The activity of scarabaeid and dipteran larvae stimulates ammonifying bacteria (BREY- 
MEYER ¢t al. 1975). Therefore, these arthropods may increase the production of ammonia 
from dung (McKinney & Morty 1975). MacQuren & Berrne (1975b) demonstrated that 
increasing population density of Musca domestica (L.) caused small nitrogen losses from 
cattle dung (see Fig. 4). The population densities of fly larvae used in this study were greater 
than field densities of muscoid flies in dung. Exact effects of field populations of flies on 
nitrogen loss thus are unknown, but can be expected to be minimal. 

Detritivorous invertebrates can also indirectly stimulate bacterial populations and meta- 
bolism through their effects on bacteriophagous nematodes (e.g., PARKER et al. 1984; see 
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Fig. 4. Simulation of the density effect of Musca domestica (L.) (Diptera) larvae on the nitrogen content 
of cow dung. Regression equation taken from MacQuUEEN & Brrrne (1975 b) (¥ = 2.0221 — 0.0002 X; 
n = 5;r = 0.95; p < 0.05). Slope is not significantly different from zero. 


Fig. 1). Feeding upon sewage sludge by Eisenia fetida (Savicny) (Oligochaeta) or Oniscus 
asellus increased population densities of bacteriophagous nematodes (Brown et al. 1978; 
MITCHELL et al. 1978, 1980). Nematodes, in turn, stimulate bacterial growth and metabolism 
(Aprams & Mircuete 1980a, 1980b). ANDERSON et al. (1983) found that more nitrogen was 
mineralized from soil microcosms containing both bacteria and bacteriophagous nematodes 
than from those with bacteria alone. PARKER et al. (1984) concluded that microinvertebrates, 
such as nematodes, may be important regulators of decomposition through their effects on 
bacteria. Additionally, protozoans feeding on bacteria increased microbial metabolism by 
increasing turnover rates of bacteria (Stour 1973; FENCHEL & Harrison 1976). 

Effects of coprophagous arthropods on bacteriophagous nematodes have not been in- 
vestigated, although Rhabditis spp. are phoretic on dung beetles (Trirrir & OLDHAM 1927; 
Kuunetr 1976; Supmaus 1981). Disruption, aeration and burial of dung by scarabaeids 
cause destruction of parasitic nematode eggs and subsequent reductions in nematode popu- 
lation density (Bornemissza 1960; Remnecke 1960; Bryan 1973, 1976; Fincuer 1973, 
1975; Berestrom et al. 1976; Encrisu 1979). Insects may exert similar effects on bacterio- 
phagous nematodes. Additionally, Miter (1961) showed that scarabaeid beetles cause 
destruction of nematode eggs as they feed. 

Detritivorous arthropods distribute fungal spores, mycelial fragments, and bacteria in 
their feces and on their bodies. Litter arthropods inoculate freshly-fallen leaf litter with 
fungi from their feces which enhances litter breakdown (ENcetMann 1961; Heatey 1967). 
Parkinson et al. (1979) demonstrated that Onychiurus subtenius Forsom (Collembola) car- 
ries spores of various fungi on its body. Collembola can transport spores or mycelial frag- 
ments of as many as 130 separate fungal species (Hassat et al. 1983). Such transported mi- 
crobes caused increased microbial respiration in microcosms of decomposing leaf litter (VISSER 
et al. 1981). Similar effects occur in decomposing branchwood (Ausmus 1977) and leaf packs 
in woodland streams (ANDERSON et al. 1978). 

Lussennop et al. (1980) demonstrated that cow dung which was colonized normally by 
arthropods had greater number of fungal species than dung without insects. This finding, 
in conjunction with the evidence that grazing by larval flies reduces fungal species richness 
(Wicktow & Yocum 1982), suggests that arthropodsre important in the dispersal of some 
coprophilous fungi. 
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Synopsis: Subject review article 


Stevenson, G. B., & D. L. Dinnar, 1987. Functional ecology of coprophagous insects: A review. Pe- 

dobiologia 30, 285—298. 

Coprophagous arthropods actively contribute to the degradation of fecal material, particularly 
ruminant dung. Most research on coprophagous arthropods has dealt with their beneficial activity 
in the maintenance and utilization of agricultural ecosystems. The purpose of this paper is to exa- 
mine (a total of 137 references has been included) the roles of these organisms in the context of con- 
sumer regulation of organic matter decomposition. Since the majority of related research has focused 
on ruminant dung, this review emphasizes the roles of invertebrates inhabiting it. 

Dung arthropods exhibit many of the same characteristics of other detrivorous invertebrates. 
They aerate dung and promote aerobic decomposition through interactions with microflora, including 
formation of invertebrate feces. The extent to which these organisms actually contribute to dung 
degradation depends upon their population density and micro-environmental factors such as dung 
moisture and temperature, and upon the distribution of dung which is a function of the distribution 
and stocking density of livestock. 

Key words: Coprophagous insects, functional interactions, consumer regulation, ruminant dung, 
degradation of feces, microbial and zootic metabolism, decomposition processes, population density, 
livestock, stocking density. 
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